If we use only blood urea as an index, then most major surgical operations and many acute surgical and traumatic conditions are followed by some degree of renal failure; for elevated blood urea of 60 or more mg/100 ml will be found to be the rule rather than the exception if this biochemical determination is carried out in the first few days. But if at the same time the urine urea concentration is found to be high (15-30 g/l.) it may be assumed that there is good renal function, that the kidneys are able to excrete reasonable quantities of urea and that specialized treatment is not required; the elevated blood urea in such circumstances is probably a manifestation of the metabolic response to trauma or infection, or results from excessive protein breakdown and absorption from, for example, gastro-intestinal bleeding or a large haematoma: nitrogenous production temporarily exceeds the nitrogenous excretion.
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Similarly, oliguria should not necessarily be interpreted as a diagnostic criterion of acute renal failure in surgical patients unless the urine urea concentration is known. Dehydration, which in clinical surgical practice is usually a combination of water deficiency and sodium depletion, is usually associated with a low urine volume but the specific gravity, osmolarity and urea concentration are raised, while the sodium concentration is reduced. However, in the rare case in which there has been severe sodium restriction but not water restriction, and when limited protein intake and nitrogenous absorption have preceded the event, the urine specific gravity may not exceed 1014 and the osmolarity may not be more than 400 mOsm, and in this respect is not dissimilar to that present in cases of acute renal failure. A low urine sodium concentration is a reflection of renal conservation of sodium and is indicative of good rather than impaired renal tubule function; it may be looked upon as a homeostatic mechanism which helps to maintain extracellular osmolarity and volume, blood pressure and tissue perfusion. Sodium depletion can be responsible for contraction of the pulse pressure, hypotension, reduction of glomerular filtration and urea clearance, and elevation of the blood urea.
But when daily urine volumes remain less than 400 ml, the blood urea continues to rise and urine urea concentrations are only 5-10 g/l., it should be assumed that renal failure due to intrinsic renal damage is present and that properly directed management is likely to be required. In these circumstances, the urine specific gravity is seldom greater than 1014, the osmolarity is low (350 mOsm) and approximates plasma values, the urine/plasma urea ratio is 5 or less, while the urine sodium concentration is usually normal (40-80 mEq/l.). The cause of the acute renal failure is usually considered to be tubular necrosis although it is by no means certain that the tubular lesions seen on histology in fatal cases are responsible for the functional abnormalities demonstrable in life. Sevitt (1959) , Graber & Sevitt (1959) , Allen (1962) , Finckh (1962) and De Luna et al. (1964) have provided good evidence to suggest that the renal failure is precipitated and maintained by glomerular changes. This is why I choose to use the term 'intrinsic renal failure'.
The following three cases illustrate some of the points already made, as well as emphasizing a few more.
Case 1 (Fig 1) R D E, aged 24, a countryman, was pinned for six hours beneath an overturned tractor he had been driving. When admitted to hospital as an emergency both legs were noted to be white and swollen and the pulses could not be felt. Linear decompression incisions were made and three days after the accident I 37 he was transferred to Hammersmith Hospital with blood urea 150 mg/100 ml. Examination of the urine, however, revealed a urine urea concentration of 24 g/l. and a urine sodium concentration of only 8 mEq/l. On the fourth day after the accident the urine volume was 1-7 1., the urine urea concentration 44 g/l., and the urine sodium concentration still less than 10 mEq/l. Rapid restitution followed intravenous saline therapy: the blood pressure rose from 130/80 to 160/90 during the fourth day and the blood urea had fallen to 35 mg/100 ml by the seventh day. The high concentration of the urine urea, the high urine/plasma urea ratio (36) and the low sodium concentration suggested acute renal failure due to sodium depletion and dehydration: simple replacement therapy was all that was required.
Case 2 (Fig 1) S B, a boy aged 3 years, sustained extensive partial thickness skin burns of the trunk and both arms (estimated to be 45 % of body surface) and was treated at a burns unit by exposure and relieving incisions. When transferred to Hammersmith three days later he had oliguria and blood urea was 280 mg/100 ml. The urine urea concentration was 13-5 g/l. and the urine sodium concentration 37 mEq/l. On the fourth day after the accident the daily urine output had risen to 700 ml and the urine urea concentration to 16 g/l., while the urine sodium concentration remained at 37 mEq/l. The child had excreted 275 ml of urine during the third day, the day he was transferred, and continued to maintain a good urinary output: on the eighth day the urine volume was 1-21 and contained 6 g urea/l. and 61 mEq/l. of sodium. By the ninth day the blood urea had fallen to 52 mg/100 ml and the child was well enough to transfer back to the burns unit two days later.
The rising blood urea, low urine/plasma urea ratio (5) and normal urine sodium concentration indicated acute renal failure due to acute tubular necrosis. Fortunately it was a relatively mild form of the condition and specialized treatment was not required. The blood urea began to fall by the sixth day and the urine/ plasma urea ratio, which was 5 on the fourth day, had risen to 10 by the ninth day.
Case 3 ( Fig I) W F, aged 34, a labourer, sustained multiple injuries in a railway accident and was admitted to hospital with cerebral contusion, a compound fractured pelvis and multiple lacerations.
The lacerations were cleaned and sutured under general anesthesia and an indwelling urethral catheter was introduced for bladder drainage. The blood urea was 250 mg/100 ml on the third day when he was transferred to the Hammersmith Hospital. The following day it had risen to 320 mg/100 ml, the urine output was only 50 ml, the urine urea concentration only 3-6 g/l., and the urine sodium concentration 45 mEq/l. The severe oliguria persisted for three weeks and peritoneal dialysis was required. Spontaneous diuresis did not develop until the fourth week when urine volumes reached 7 1. on several days and the blood urea began to fall. A multi-resistant Staphylo- Daily volumes, urea and sodium concentrations of urine, together with blood urea concentrations. In Case 1 there is a high urine/plasma urea ratio (36), and low ratios in Cases 2 and 3 coccus aureus was isolated from a scalp laceration and from all over the skin of his body and, since his general condition was satisfactory and there was clear evidence of restitution of renal function, he was transferred to a fever hospital for strict isolation.
The severe oliguria, rising blood urea, low urine urea concentration, low urine/plasma urea ratio (1) and normal urine sodium concentration pointed to acute renal failure due to severe acute tubular necrosis. The extensive trauma was responsible for the high rate of urea production; continuous peritoneal dialysis only just enabled us to control the biochemical abnormalities.
Case 1 is an example of pre-renal acute renal failure while Cases 2 and 3 are examples respectively of mild and severe acute intrinsic renal failure. There is yet another type of acute surgical renal failure (Tables 1 & 2) , namely post-renal or obstructive failure, which generally has a urological or gynecological background and may develop, for example, in cases of calculous disease, bladder and prostatic malignancy, benign and malignant peri-ureteric fibrosis and carcinoma of the cervix: on occasion, it may complicate large bowel or gynmcological surgery when ureteric injury has occurred. When the obstruction is complete it is reasonable to assume that it has developed in a solitary functioning kidney: it is rare for bilateral obstructions to be simultaneous.
Cystoscopy and retrograde ureterography are required to demonstrate the site of the obstruction but, when the obstruction is incomplete, for example in peri-ureteric fibrosis, ureteric catheterization may present no great difficulty and, if ureterography is omitted, the correct diagnosis may be overlooked. In my experience the diagnostic value of retrograde ureterography is fre-Section ofSurgery quently greater than pyelography when the nature of post-renal obstructive failure is being investigated and it is sometimes easier to carry out.
Causes ofDeath in Surgical
Patients with Acute Renal Failure It is sometimes difficult for us to be sure about the exact cause of death in surgical patients without renal failure, even at post-mortem. The difficulty is no less when there is renal failure; on the contrary it may be greater. However, we know that hyperkalemia, especially when there is hypocalcemia and acidosis, can produce arrhythmias and cardiac arrest; we know that hyperazotemia can cause death from gastro-intestinal haemorrhage or hiemoptysis and that pericarditis, pulmonary cedema and infection may be fatal.
Hyperkalemia should seldom nowadays cause death in surgical patients with renal failure, for there are simple and satisfactory means by which the serum potassium may be controlled or even lowered. Indeed, the underlying surgical condition, paradoxically, may sometimes effect a measure of control: for example there may be large volumes of gastric aspirate or biliary and intestinal drainage; extra-renal losses of potassium, particularly when there is a concomitant excess loss of anion, will tend to keep the extracellular concentration of potassium below danger levels and help correct metabolic acidosis. However, it is well to remember that inadequate pulmonary ventilation is liable to cause respiratory acidosis which may be overlooked if the serum bicarbonate alone is used as an index: in metabolic acidosis the serum bicarbonate value is reduced while in respiratory acidosis it is increased, a combination which can cancel out, and therefore arterial pH values are required for assessment in this situation. There is no renal control of acid-base balance in the patients we are discussing, so that the pulmonary mechanism for anion excretion has special significance: depressed ventilation can lead to intracellular migration of hydrogen ions, a corresponding shift the opposite way of potassium ions into the extracellular compartment and may prove fatal in a matter of hours.
Hyperazotemia can develop rapidly in surgical patients with renal failure; in the presence of trauma, tissue necrosis or infection, the blood urea may rise by as much as 100 mg/100 ml each day even when carbohydrates are administered to minimize protein breakdown. If the blood urea is allowed to reach 350-400 mg/l00 ml the hyperazoteemia may induce a general state of apathy which, if aggravated by hyperkalaemic muscular hypotonia and weakness, can give rise to aspira-tion asphyxia in cases with gastro-intestinal obstruction or ileus unless nasogastric intubation is employed to empty the stomach. If the blood urea is allowed to remain too high for too long, gastro-intestinal bleeding may develop as the result of hemorrhagic uraemic gastroduodenitis, uraemic erosions of the small and large bowel or recrudescence of pre-existent chronic lesions such as peptic ulceration or diverticulitis. Emergency surgery may be required when the bleeding is severe (Shackman 1965) , but clearly it is better to avoid this by keeping the blood urea at safe levels either by continuous peritoneal dialysis or, when this is not possible, by early and repeated hemodialysis.
Undoubtedly, the commonest cause of death is infection (Balch et al. 1955 , Parsons & McCracken 1959 , Bluemle et al. 1959 , Shackman et al. 1960 which has often, but not always, been acquired before the patient is transferred to a renal unit. Indeed, our bacteriologists have met several new strains of staphylococcinew, that is, to Hammersmithand we have a considerable experience in the use of polymyxin. In other words, antibiotic-resistant staphylococci and Ps. pyocyanea have been all too prominent in our cases: indeed, most pathogenic organisms have come our way and we must give credit to our nursing staff for keeping the incidence of crossinfection within reasonable bounds. Nevertheless, infection is still a major factor in the morbidity and mortality of these cases and we do not know an easy way to resolve the problem. My department has used peritoneal dialysis for the last fifteen years: at first we used continuousflow dialysis via a polythene in-flow tube to a polythene sump drain in the pouch of Douglas from which the dialysate was removed by continuous suction (Miller 1962) . The process was continued for forty-eight to seventy-two hours. It was a safe method and efficient within its limits, but had the disadvantage that it required a general anxsthetic for the insertion of the tubes.
In recent years we have changed over to peritoneal dialysis by the intermittent method desscribed by Boen (1961) , because it is simpler, requires only a local aniesthetic and is just as efficient. At the same time as we made this change we acquired a twin-coil kidney for hiemodialysis and so have had experience of treating cases of acute renal failure with both methods of dialysis readily available.
Technique
After sedation with pethidine, the abdominal wall is infiltrated with 1 % lignocaine at the site of puncture. The skin is incised with a fine scalpel and a trocar and cannula passed through the muscles andparietalperitoneuminto the peritoneal cavity. The midline in the sub-umbilical region has been advocated but we have found that the trocar can be inserted more easily and with a feeling of greater safety if it is placed in an iliac fossa. The operation is not strictly comparable to paracentesis for ascites because there is no fluid in the peritoneal cavity and the insertion of an instrument of this size (16 French) requires quite considerable force. A special polythene tube with multiple holes and a closed end is passed through the cannula into the pouch of Douglas. By patient manceuvring it is possible to negotiate the coils of intestine and place the tube in the right position: this is important. The tube is tightly secured with a stitch through the skin.
The solution used corresponds to the normal electrolyte content of serum except that the potassium level is reduced from 3-7 to 2-5 mEq/l. when a rapid fall in the potassium level is required. We have preferred to use our own solution' which is freshly prepared before use; this contains 2-0% glucose and a small amount of heparin, 500 units/l., which we think discourages the formation of fibrin in the peritoneal cavity. We have also included antibiotics: other workers, however, have suggested that these are unnecessary and, indeed, we have never had any hint of peritonitis resulting from the dialysis.
Both the special tube and suitable solutions for dialysis are now available commercially.
Two litres of the solution is run into the peritoneal cavity at a fast drip and allowed to remain for about half an hour: the fluid then runs out again for twenty minutes so that in our case the cycle lasts for one hour and is then repeated. A period of twelve hours' dialysis will result in normal electrolyte levels (the potassium level falls very quickly) and reduction of the urea level by about 25 % when urea production is not high.
Complications
Infection has not been encountered: it is possible sometimes to culture coliform organisms from the dialysate but peritonitis has not been seen.
Pain is not a problem during dialysis, a mild analgesic is all that is necessary: several children have been dialysed in this way.
Leakage may be a nuisance and seems to occur increasingly with the length of time that the tube is in place: it is not a problem in the first twentyfour to forty-eight hours.
Results
Boen (1961) and others have confirmed that peritoneal dialysis is a safe and sure method of controlling electrolyte levels and of removing urea and excess water in most uremic patients.
Because it achieves a urea clearance rate of 12-15 ml per minute, compared with about 200 ml 'Composition of solution: Sodium 141, potassium 3-7. chloride 110, bicarbonate 35, calcium (gluconate) 3 5, magnesium (lactate) 1, phosphate 2 mEq/l.; glucose 2%, heparin 500 units/l., penicillin 100,000 units/I., soluthiazole 10 mg/100 ml
